
US006831393B2 

(12) United States Patent (10) Patent N0.: US 6,831,393 B2 
Miyazawa (45) Date of Patent: Dec. 14, 2004 

(54) LINEAR ACTUATOR 5,852,336 A * 12/1998 Takagi ................. .. 310623.01 
6,064,140 A * 5/2000 Zumeris 310/323.02 

Inventor: Osamu Miyazawa, ShimOSuWa 6,091,179 A * 7/2000 Tobe 618.1. ............... .. 310/328 
6,242,846 B1 * 6/2001 AshiZaWa et al. 310/323.02 

ASSlgIlGCZ EpSOIl Corporation ( * ) Notice: Subject to any disclaimer, the term of this EP 0755 054 7/1996 G11B/19/20 

patent is extended or adjusted under 35 JP 02-041673 2/1990 H02N/2/00 
US'C~ 154(k)) by 0 days' JP 6-6101 1/1994 A61B/1/00 

JP 6-6989 * 1/1994 ......... .. 310/12 

JP 06-233560 8/1994 H02N/2/00 
(21) APP1-N0-110/379A29 JP 07-184382 7/1995 H02N/2/00 

. _ JP 08-237970 9/1996 H02N/2/00 
(22) Flled' Mar‘ 4’ 2003 JP 08-237971 9/1996 H02N/2/00 

(65) Prior Publication Data JP 9-37575 2/1997 H02N/2/00 
JP 10-080162 3/1998 .......... .. H02N/2/00 

US 2004/0090146 A1 May 13, 2004 JP 2001-016879 1/2001 .......... .. H02N/2/00 

(30) Foreign Application Priority Data * Cited by eXaminer 

Mar. 4, 2002 (JP) ..................................... .. 2002-058072 Primary Examiner—Th0mas M. Dougherty 
7 (74) Attorney, Agent, or Firm—Harness, Dickey & Pierce, 

(51) Int. Cl. ................................................ .. H02N 2/04 PLC 

(52) US. Cl. .......................... .. 310/323.14; 310/323.02; 
310/323.09; 310/328; 310/12 (57) ABSTRACT 

(58) Field Of Search ..................... .. 310/323.01, 323.02, Alinear actuator is an actuator for directly driving (moving) 
31062309’ 32314’ 32317’ 328’ 12 a slider. The linear actuator has an actuator unit constituted 

_ by the slider and an actuator body on Which the slider is 
(56) References Clted movably provided for linear movement. The actuator body 

U_S_ PATENT DOCUMENTS has a base, a vibrating element for moving the slider, tWo 
_ rollers to movably support the slider, pushing means for 

2 i gmlilaguchl """ " pushing the vibrating element into contact With the slider, 
’ ’ a azawa e a ' ' and a conducting circuit for conducting each of electrodes of 

2 i gslziiiliaeteitl """ " the vibrating element by selecting a conducting pattern to 
5’416’375 A * 5/1995 Funakubo et all ':::::"§10/323:16 each of the electrodes. Grooves are respectively formed in 
5:532j540 A * 7/1996 claeyssen et a1_ 31052316 outer circumferential surfaces of the rollers, and the slider is 
5,548,176 A * 8/1996 Oda . . . . . . . . .. 310/328 arranged inside each of the grooves. 

5,616,980 A * 4/1997 Zumeris .. 310/323.16 

5,777,423 A * 7/1998 Zumeris .............. .. 310/31601 20 Claims, 17 Drawing Sheets 

51 



U.S. Patent Dec. 14, 2004 Sheet 1 0f 17 US 6,831,393 B2 

m) 



U.S. Patent Dec. 14, 2004 Sheet 2 0f 17 

1 

US 6,831,393 B2 

E 
12 

41\1 \ 
\ 
\ 
\ v 1 

i : 

721 

72/,‘r 
13% 

km: 

513 
511 

23% 
§ 

#71 

51 
I §\\\\\ 

Fig.2 



U.S. Patent Dec. 14, 2004 Sheet 3 0f 17 US 6,831,393 B2 



U.S. Patent Dec. 14, 2004 Sheet 4 0f 17 US 6,831,393 B2 

6 

618 

51c 

56 q‘: 



U.S. Patent Dec. 14, 2004 Sheet 5 0f 17 US 6,831,393 B2 

66 





U.S. Patent Dec. 14, 2004 Sheet 7 0f 17 US 6,831,393 B2 

A3935 “8% 





U.S. Patent Dec. 14, 2004 Sheet 9 0f 17 US 6,831,393 B2 

(1’ p. 
I ; 

522 
5 



U.S. Patent Dec. 14, 2004 Sheet 10 0f 17 US 6,831,393 B2 



U.S. Patent Dec. 14, 2004 Sheet 11 0f 17 US 6,831,393 B2 

431 
/ 14s \/ X142 

X L 
\- 43 432 / 52s \ s24 

10 
(\l 
LD 

11 



U.S. Patent Dec. 14, 2004 Sheet 12 0f 17 US 6,831,393 B2 



U.S. Patent Dec. 14, 2004 Sheet 13 0f 17 US 6,831,393 B2 



U.S. Patent Dec. 14, 2004 Sheet 14 0f 17 

I 61f 

61b 

My?‘ 

US 6,831,393 B2 



U.S. Patent Dec. 14, 2004 Sheet 15 0f 17 

61a 

61c 

NV“ 

US 6,831,393 B2 





Sheet 17 0f 17 US 6,831,393 B2 U.S. Patent Dec. 14, 2004 



US 6,831,393 B2 
1 

LINEAR ACTUATOR 

TECHNICAL FIELD 

The present invention is related to a linear actuator. 

BACKGROUND ART 

Japanese Laid-Open Patent Publication No. HEI 
7-184382 discloses a mechanism in Which a slider is mov 
ably provided With respect to a shaft, and an AC voltage is 
applied to a pieZoelectric element of a vibrating element 
(micromotor) to vibrate the vibrating element, Whereby such 
vibration applies force to the slider to move the slider along 
the shaft. 

HoWever, in this mechanism, because frictional driving is 
carried out by pushing force applied to the slider from the 
vibrating element, the frictional resistance betWeen the 
slider and the shaft increases and there are large losses 
depending on such pushing force, and there are cases Where 
the slider can not move because the frictional resistance is 
too large. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a linear 
actuator having a simple structure Which has the advantage 
of being compact, and particularly thin, and Which makes it 
possible to smoothly and reliably move a slider. 

In order to achieve the above-mentioned object, a linear 
actuator of the present invention has at least one actuator 
unit. The actuator unit comprising: a slider; a plurality of 
rollers for movably supporting the slider; and a vibrating 
element abutting on the slider to make frictional contact With 
the slider, the vibrating element having at least one pieZo 
electric element; Wherein the vibrating element is vibrated 
When an AC voltage is applied to the at least one pieZoelec 
tric element so that the vibration repeatedly applies force to 
the slider to move the slider lineally. 

Thus, it is possible to reduce the frictional resistance, and 
this makes it possible to linearly move the slider smoothly 
and reliably. Further, by using a vibrating element to move 
the slider, namely, by using a vibrating element to linearly 
drive the slider, the entire linear actuator can be made 
compact and particularly thin. Also, the structure of the 
linear actuator can be simpli?ed, and this makes it possible 
to reduce the manufacturing cost. Further, because an ordi 
nary motor is not used, it is possible to completely eliminate 
electromagnetic noise, or even When there is electromag 
netic noise, because such noise is small, it is possible to 
prevent such noise from having an effect on its peripheral 
devices. 

In the linear actuator of the present invention, it is 
preferred that the at least one actuator unit includes a 
plurality of actuator units. 

In the linear actuator of the present invention, it is 
preferred that the plurality of actuator units are respectively 
provided in substantially parallel planes in a stacked 
arrangement. 

In the linear actuator of the present invention, it is 
preferred that the linear actuator further comprises: at least 
one common shaft for rotatably supporting the rollers of the 
actuator units; and at least one common shaft for supporting 
the vibrating elements of the actuator units. 

In the linear actuator of the present invention, it is 
preferred that the vibrating element has vibrating patterns 
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2 
Which comprise a plurality of vibrating modes including a 
?rst mode in Which the slider is maintained in a suspended 
state; a second mode in Which the slider is alloWed to be 
moved; a third mode in Which the slider is moved in a 
forWard direction; and a fourth mode in Which the slider is 
moved in a reverse direction, Wherein any one mode can be 
selected from the ?rst mode, the second mode, the third 
mode, and the fourth mode by changing the vibrating pattern 
of the vibrating element. 

In the linear actuator of the present invention, it is 
preferred that the vibrating element has vibrating patterns 
Which comprise a plurality of vibrating modes including a 
?rst mode in Which the slider is maintained in a suspended 
state; a second mode in Which the slider is alloWed to be 
moved; a third mode in Which the slider is moved in a 
forWard direction; and a fourth mode in Which the slider is 
moved in a reverse direction, and the vibrating element has 
a plurality of divided electrodes so that the vibrating element 
is vibrated When an AC voltage is applied to the at least one 
pieZoelectric element through the electrodes, Wherein any 
one mode can be selected from the ?rst mode, the second 
mode, the third mode, and the fourth mode by changing 
patterns of application of the AC voltage to each of the 
electrodes of the vibrating element. 

In the linear actuator of the present invention, it is 
preferred that the linear actuator further comprises at least 
one shaft positioned at the center of the corresponding roller 
for rotatably supporting the roller, Wherein the slider is 
positioned in the groove to be supported by the roller, and 
the diameter of the shaft is smaller than a portion of the roller 
on Which the slider is supported. 

In the linear actuator of the present invention, it is 
preferred that the slider has a sliding portion and the sliding 
portion is rod-shaped or plate-shaped. 

In the linear actuator of the present invention, it is 
preferred that the vibrating element is plate-shaped, and the 
vibrating element and the slider are positioned in a substan 
tially same plane. 

In the linear actuator of the present invention, it is 
preferred that the vibrating element is constituted from a 
laminated body Which includes the at least one plate-shaped 
pieZoelectric element and at least one reinforcing plate made 
of metal material. 

In the linear actuator of the present invention, it is 
preferred that the vibrating element has an arm portion 
projectingly provided from the vibrating element to support 
the vibrating element, the vibrating element is pushed into 
contact With the slider by the arm portion, the vibrating 
element has a portion abutting on the slider, and the arm 
portion and the abutting portion are formed integrally on the 
reinforcing plate. 

In the linear actuator of the present invention, it is 
preferred that the linear actuator further comprises pushing 
means for pushing the vibrating element into contact With 
the slider; Wherein the vibrating element has an arm portion 
projectingly provided from the vibrating element to support 
the vibrating element, the vibrating element has a portion 
abutting on the slider, and at least a part of the pushing 
means, the arm portion, and the abutting portion are formed 
integrally on the reinforcing plate. 

In the linear actuator of the present invention, it is 
preferred that the pushing means has an adjustment mecha 
nism that adjusts force pushing the vibrating element against 
the slider, and at least a part of the adjustment mechanism is 
formed integrally on the reinforcing plate. 

In the linear actuator of the present invention, it is 
preferred that the vibrating element has a portion abutting on 
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the slider, the abutting portion is positioned betWeen tWo 
rollers of the plurality of rollers in a direction of movement 
of the slider. 

In the linear actuator of the present invention, it is 
preferred that the slider has a resonance frequency of bend 
ing vibration, and the linear actuator is constructed so that 
there is substantially no match betWeen the resonance fre 
quency of the bending vibration of the slider and the m’th 
multiple of the frequency of the vibration of the vibrating 
element (Where m is all of the natural numbers), and that 
there is substantially no match betWeen the n’th multiple of 
the resonance frequency of the bending vibration of the 
slider and the frequency of the vibration of the vibrating 
element (Where n is all of the natural numbers). 

In the linear actuator of the present invention, it is 
preferred that the linear actuator further comprises move 
ment restricting means for restricting movement of the 
slider. 

In the linear actuator of the present invention, it is 
preferred that the movement restricting means is provided 
on the slider, and includes at least one protruding portion 
that restricts the movement of the slider by abutting on the 
roller. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The preferred embodiments of the rotation/displacement 
converting actuator are described beloW With reference to 
the appended draWings. 

FIG. 1 is a plan vieW shoWing a ?rst embodiment of a 
linear actuator according to the present invention. 

FIG. 2 is a cross-sectional vieW taken along the line A—A 
of the linear actuator shoWn in FIG. 1. 

FIG. 3 is a perspective vieW of a vibrating element in the 
linear actuator shoWn in FIG. 1. 

FIG. 4 is a plan vieW shoWing the vibration state of the 
vibrating element in the linear actuator shoWn in FIG. 1. 

FIG. 5 is a plan vieW shoWing the vibration state of the 
vibrating element in the linear actuator shoWn in FIG. 1. 

FIG. 6 is a block diagram shoWing a circuit con?guration 
of the linear actuator shoWn in FIG. 1. 

FIG. 7 is a perspective vieW of a vibrating element in the 
second embodiment of a linear actuator according to the 
present invention. 

FIG. 8 is a block diagram shoWing a circuit con?guration 
in the second embodiment of a linear actuator according to 
the present invention. 

FIG. 9 is a plan vieW shoWing a third embodiment of the 
linear actuator according to the present invention. 

FIG. 10 is a cross-sectional plan vieW shoWing a fourth 
embodiment of the linear actuator according to the present 
invention. 

FIG. 11 is a cross-sectional vieW taken along the line 
B—B of the linear actuator shoWn in FIG. 10. 

FIG. 12 is a perspective vieW shoWing a constituent 
eXample of the case Where the linear actuator of the present 
invention is used to drive Braille in a Braille displaying 
apparatus. 

FIG. 13 is a perspective vieW shoWing a vibrating element 
according to a ?fth embodiment of the linear actuator 
according to the present invention. 

FIG. 14 is a plan vieW shoWing a state of the vibration of 
the vibrating element in the linear actuator shoWn in FIG. 13. 

FIG. 15 is a plan vieW shoWing a state of the vibration of 
the vibrating element in the linear actuator shoWn in FIG. 13. 
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4 
FIG. 16 is a graph shoWing a driving characteristic of the 

vibrating element in the linear actuator shoWn in FIG. 13. 
FIG. 17 is a cross-sectional plan vieW shoWing a siXth 

embodiment of the linear actuator according to the present 
invention. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

The preferred embodiments of the linear actuator of the 
present invention Will be described beloW With reference to 
the appended draWings. 

FIG. 1 is a plan vieW shoWing a ?rst embodiment of a 
linear actuator according to the present invention. FIG. 2 is 
a cross-sectional vieW taken along the line A—A of the 
linear actuator shoWn in FIG. 1. FIG. 3 is a perspective vieW 
of a vibrating element in the linear actuator shoWn in FIG. 
1. FIGS. 4 and. 5 are plan vieWs respectively shoWing the 
vibration states of the vibrating element in the linear actuator 
shoWn in FIG. 1. FIG. 6 is a block diagram shoWing a circuit 
con?guration of the linear actuator shoWn in FIG. 1. Here, 
in folloWing explanations using FIG. 1, the upper side in 
FIG. 1 is referred to as “upper”, the loWer side is referred to 
as “loWer”, the right side is referred to as “right”, and the left 
side is referred to as “left”. 

Alinear actuator 1 shoWn in these draWings is an actuator 
that directly drives (moves) a slider 2, and includes a 
plate-shaped actuator unit 10 that is constructed by the slider 
2 and an actuator body 3 on Which the slider 2 is provided 
for linear movement. 
As shoWn in FIGS. 1, 2 and 6, the actuator body 3 

includes a plate-shaped base (base plate) 4, a vibrating 
element 6 Which makes frictional contact With the slider 2 to 
move the slider 2, tWo rollers 51 and 52 Which make rolling 
contact With the slider 2 to movably support the slider 2, 
pushing means 7 Which pushes the vibrating element 6 
against the slider 2, and a conducting circuit 20 Which 
selects a conducting pattern to each of electrodes (described 
later) of the vibrating element 6, and conducts electricity to 
such electrodes. 
The slider 2 is a rigid body, namely, a movable body 

(driven body) having moderate rigidity. The shape of the 
slider 2 has no particular limitation, but the sliding portion 
of the slider 2 preferably has a rod shape, a plate shape or 
the like, for example, and in particular, the portion (contact 
portion) Which makes contact With a protruding portion 66 
(described later) of the vibrating element 6 is preferably ?at. 
By making such contact portion of the slider 2 ?at, it is 

possible to prevent slippage of the engagement in the 
thickness direction When the slider 2 is pushed against the 
protruding portion 66 of the vibrating element 6. 

In the present embodiment, the slider 2 has a rod shape in 
Which the shape of a horiZontal cross section thereof has a 
square shape, namely, the slider 2 is formed as a long 
substantially rectangular parallelepiped, and is arranged to 
be movable in the longitudinal direction (aXial direction) 
thereof. 
TWo protruding portions 21 and 22 (movement restricting 

means) are formed on the slider 2 to make contact With the 
rollers 51 and 52 (described later) to restrict the movement 
of the slider 2. 
The protruding portion 21 is at the loWer side of the slider 

2 in FIG. 1, and is positioned at the left side from the roller 
51, namely, at the left side end portion, and the protruding 
portion 22 is at the loWer side of the slider 2 in FIG. 1, and 
is positioned at the right side from the roller 52, namely, at 
the right side end portion. 




























